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Abstract. | reportresultson the X(3872) from the Tevatron.Massandotherpropertieshave been
studiedwith afocusonnew resultsonthedipionmassspectrunin X — J/ i~ decaysDipions
favor interpretingthe decayas J/y p, implying even C-parity for the X. Modeling uncertainties
do not allow distinguishingbetweenS- and P-wave decaysof the J/-p mode.Effectsof p-w
interferencen X decayarealsointroduced.
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The charmonium-lile X (3872 standsasa major spectroscopipuzzle.lts massand
whatis known of its decaysmakes cc assignmentproblematic.Exotic interpretations
have beenoffered,notablythatthe X maybea D%-D*? “molecule”[1].

X (3872 — J/@mm was confirmedby CDF [2] and D@ [3], andis copiously
producedht Fermilabs pp collide—albeitwith high backgroundsMassmeasurements
arecomparedn Fig. 1, with an averageof 38712+ 0.4 MeV/c?. D@ studiedother X
propertieshy comparingthe fractionsof X yield in varioustypesof subsample$o the
correspondingdractionsfor the (2S) [3]. Theresultsfor 230pb~! aresummarizedn
Fig. 1, wherethe subsamplearethefractionof signalwhich have: a) p;(J/@mm) > 15
GeV, b) |y(J/ymn)| < 1,c) coq B;) < 0.4 (rrhelicity angle) d) properdecaylengthct <
100um, €) no trackswith AR < 0.5 aroundthe candidatef) cog6,,) < 0.4 (u helicity
angle).In all caseghe X resultsarecompatiblewith thoseof the (2S). CDF usedthe
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FIGURE 1. LEFT: Summarnyof X-massmeasurementsomparedo theD°D*? andD*D*~ thresholds.
RIGHT: D@’s comparisorof X production/decapropertieso thatof the /(25) [3]. Thefractionof the
yield surviving thelisted cutis plotted(seetext for descriptions).
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FIGURE 2. LEFT: The ¢(2S) dipion massspectrumwith fits of 351 multipole expansionand an
oldercalculationof Brown andCahn.RIGHT: The X (3872 dipion massspectrunmwith fits of multipole
expansionpredictionsfor C-odd charmoniaandof X — J/y p for L = 0 and1 usingarelatiistic Breit-
Wignerwith Blatt-Weisslopf factors(R, = 0.3 andRy = 1.0 fm).

properdecaylengthct to quantifythefractionof X’s thatcomefrom b-hadronsyersus
thosethat are promptly producedUsing 220 pb~, CDF finds the fraction of X’s from
b-decaysis 16.1+£4.9+2.0%, in contrastto 28.3+1.0+0.7% of ¢(25)’s [4]. The X
fractionis somavhatlower thanthe /(2S)’s, but within ~20. Fromtheseperspecties
the X is compatiblewith the /(2S). Thelarge X-productionatthe Tevatronis indicative
to someof a charmoniumcharacte{5]. Naively one expectsproductionof a fragile
DO-D*0 molecule,boundby anMeV or less,to be suppressedit may, however, be
sufficientto accommodatéhesefeaturesf the X merelyhasa significantcc “core”
Anotherpropertyis the dipion massspectrumlf the X hasevenC-parity, thedipions
are (to lowestL) in a 1~ ~ isovector state,and dominatedby the p°. An odd<C state
produce* dipions,for which QCD multipole expansionpredictionsexist for cc.
CDF used360 pb~! (~1.3k X’s) to measurethe rrr-spectrum[6, 7]. The sample
is divided into my;; “slices” andfitted for X(3872 and (29) yields. After modest
efficiengy correctionsthespectraof Fig. 2 wereobtained The y(2S) is agoodreference
signalandis well modeledby multipole predictiong8]. Also in Fig. 2 aremultipolefits
to the X for the C-odd cc states The 1P, and3D; fits areunacceptableThe 3S, is an
excellentfit to the X, but no 381 cc is availablefor assignmenin this massregion.
Earlier this spring CDF provided J/y p fits using a simple non-relatvistic Breit-
Wigner sculptedby phasespacg6]. Goodagreementvasobtained(36% probability).
About the sametime Belle releasedhew dipion datafit with a more sophisticatedo
model[9], which includedthe effects of angularmomentumL for the J/(-p system.
The phase-spactactor of the J/¢y momentumin the X rest-framek*, generalizego
(k*)2-+1 therebyturning off the massspectrumat the upperkinematiclimit (k* — 0)
fasterfor L = 1 thanfor L = 0. Belle obtaineda goodfit for Swave decay but only
a 0.1% probability for L = 1. Thus, the latter casewas strongly disfavored, and in
conjunctionwith angularinformation,Belle aguedfor a 17+ assignmentor the X [9].
The above CDF fit for 3/ p wasimplicitly for L = 0. A CDFfit usingBelle’sL = 1
modelalsoyields0.1% probability Theimplicationis, however, not robust.



Breit-Wigner formulationsare often modified by Blatt-Weisslopf form factors[10].
The centrifugal modificationto (k*)?-*! tendsto be too strong,andfor L = 1 it is
multiplied by f; (k*) O (1+ R,-Zk*z)—%, whereR; is a “radius” of mesonk. Specifically
CDF’'s J/¢p modelis: dN/dmy, O (k*)2-+113, (k*)|B,|? for angularmomentumL.
The p propagatoB, O /Myl (Myrr) /[ME — M —imp T (Myr)], wherer p (My) =
Mo [a /8] ¥ x (Mo /Myl [£1,(07)/ 1, (A6)1%, G is the Tmomentunin the rrrest-frame,
andgy = g*(m,). Thep parameters, andr, aretakenfromthePDG.TheL = O factor
is fy(x) = 1. The f;; factorsrequiretwo uncertainparametersR, andR,. For light
mesonslikethe p, values~ 0.3 fm areusuallyfound,whereador charmmesondarger
radii ~ 1 fm areoften used[11]. Choosingthesevaluesfor R, andRy, CDF obtains
thefits in Fig. 2 (Right). The L = 0 fit hasan excellentprobability of 55%. While the
L = 1 probabilityis not quantitatvely asgood, it is arespectabld.7%. This P-wave fit
is sensitve to the R’s, wherebythe probability canbe increasedy lowering R, and/or
raisingRy. We concludethatflexibility in thefit modelcanaccommodateitherL.

Othermodelinguncertaintiesnayarise,for example the effectsof p-w interference.
Belle reportedX — J/y it i~ 1%, andinterpretsit asdecayvia a virtual w. As such,
they find theratioof J/Ywto J/Yp bran(:hingratios§23/2 is 1.0£0.5[12]. Although

w — 1t is nominally negligible here,its interferenceeffectsmaynot be.

dN,, /dmy; is generalizedby replacing|B,|? with [A;B, + €9A,B, /> WhereA,
and A,, are X-decayamplitudesvia p and w, and ¢ is the relatve phase.The form
for B,,,; is identicalto B, exceptp quantitiesare replacedoy w ones,including the
w — 17T branchingratio. Theratio |A,,/A,| is establishedy the relationshipbetween

%, andtheintegralsof dN,,/dmy;; anddN;,/dmg, for X — J/@ 1P, wherethe

latteris O |A,B, 3% TheB,,, follows B, exceptthe numeratorcontains” 5. (m).
While " ,.(m) follows ", (m), adifferentform for I’ ;.(m) is adaptedrom the SND
experimentstudyingete~ — mt i~ m° [13]. They model w — mHm n° asvirtual prT
decaysandusethe w matrix-elementqrﬁxq’n_ﬁ Whereq’#/f arerr™/~ momenta.
The integral of dN,, /dm;;; dependsupon the phase,which is a priori unknown.
As anillustration, |A,,/A,| is determinedassuminghat ¢ arisescompletelyfrom p-w
mixing, i.e. ¢ = 95° [14]. ThedN,, /dm,, decomposemto threeparts:“pure” p andw
terms,andaninterferenceeross-termin thismodelwith %, 2= 1.0, thesdfractionsare,

respectrely, 71.0,6.2,and22.8%for Swave decay and67.4,8.7, 23.9%for P-wave.
Fits with thesefractionsimposedare shovn in Fig. 3 (Left). The S'wave probability
hasdeclinedasthe modelpeakstoo muchat high mass but is still very goodat 19%.
Increasingheamountof high massesvith interferencemprovesthe P-wave fit to 53%.
Thel = 1fit is sensitve to ¢ andRy asis seenin theinsetof Fig. 3. The dependence
on R, is relatively weakfor both L. The overall picturefrom thesefits is insensitve to
the +£10 spanof 553/2, asis seenin Fig. 3 (Right).

In summary propertiesof X (3872 — J/@ " studiedat the Tevatronare quite
similar to thoseof the y(2S). Thereis no viable C-odd charmoniumassignmentc-
cordingto QCD multipole expansionfits to the rri-massspectrum.Decayto J/@p
providesgoodfits, irrespectve of the cc structure.Thisimpliesthe X is C-even,in-line
with Belle’s reportof X — J/y [12]. The effectsof p-w interferenceareintroduced,
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FIGURE 3. LEFT: Blow-up of the dipion spectrumwith J/y p fits for L = 0 (lines)and 1 (shaded)
including p-w interferencewith 95° phaseand sub-componentsetby %3/2 = 1.0. The decomposition

into p, interferenceand w termsis given. Theinsetshowvs L = 1 fit probabilitiesasa function of ¢ and
Ry in 5% contoursRIGHT: J/y p fit probabilitiesfor L = 0 (shaded)nd1 (hatched)asa function of
phaseThebandsspanthe +10 rangeof %, /2

andcanbequiteimportant.Thistypeof p-w modelinghighlightsthatt%’s/2 ~ limplies

the intrinsic amplitudefor X — J/y p is actually significantly suppressedelative to
J/ Y w by virtue of the muchgreaterphasespacefor J/{ p decayover J/ w. Given
the modelinguncertaintiegjoverningthe tails of the Breit-Wigners—especiallyf p-w
interferencas in play—theCDF spectruncanbewell describedy J/ p decayof ei-
therL = 0 or 1: suchasfrom C-evencharmonige.g.1™ or 2~ ) or fromal1** exotic
aspreferredor a D°-D*° molecule.
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